Background: Debate exists over the optimal approach for addressing fractures of the proximal humerus. The purpose of this study was to objectively quantify the surface area of the humerus exposed using the deltopectoral (DP) and anterolateral acromial (ALA) approaches and to compare visualized and palpable anatomic landmarks. Methods: Ten arms on five fresh-frozen torsos underwent the DP and ALA approaches. The arms were positioned to simulate a supine patient and held in a fixed position. Visual and/or palpable access to relevant surgical landmarks and the myotendinous junctions were recorded. The myotendinous junctions were used as a rough approximation of consistent proximal exposure of a clinically retracted tuberosity. Landmarks were grouped into quadrants based on the location. Calibrated digital photographs of each approach were analyzed to calculate the surface area and the length of the exposed bone. Results: The DP and ALA approaches exposed 22.9 6 6.3 cm 2 and 16.3 6 6.4 cm 2 , respectively (P = 0.03). The DP and ALA approaches provided equivalent visual and palpable access to all landmarks in the superior and inferior quadrants. The ALA allowed improved visual (80% versus 70%) and palpable (100% versus 70%) access to the myotendinous junction of the infraspinatus in the posterior quadrant. The DP approach allowed better access to anterior quadrant structures, including improved ability to visualize the myotendinous junction of the subscapularis (100% versus zero), the subscapularis insertion (100% versus 80%), and the medial anatomic neck (100% versus 20%). Palpable access to the myotendinous junction of the subscapularis (100% versus 70%) and medial anatomic neck (100% versus 60%) was also improved with the DP. Conclusions: In a cadaver model with fixed arm position, the DP provides increased exposure to the proximal humerus and more reliable access to anterior surgical landmarks, whereas the ALA allows improved access to the most posterior aspect of the shoulder.
F ractures of the proximal humerus are common orthopaedic injuries, accounting for between 7% and 9% of all fractures. 1,2 The described approaches for treating these injuries are designed to minimize trauma to the surrounding musculature and limit tendinous detachment while providing adequate exposure for fixation. Historically, the proximal humerus has been approached through the deltopectoral (DP) interval. 3, 4 More recently, an alternative approach that splits the anterior and middle heads of the deltoid has been advocated. [5] [6] [7] [8] [9] [10] An ongoing debate exists regarding the relative merits of both approaches. Although the DP approach is most commonly used, it is often criticized because of difficulty visualizing and accessing the posterolateral aspect of the shoulder. 8, 10, 11 Its advocates, however, stress its safety because it avoids the axillary nerve and stays in a true internervous plane. 3, 11 Advocates of the deltoid-splitting approach argue that it offers more direct access to the greater tuberosity for reduction and fixation while also minimizing soft-tissue stripping and trauma to the deltoid muscle by retractors. 5, 9, 10, 12, 13 Although both approaches have gained favor among orthopaedic trauma and shoulder surgeons, neither has been previously quantified. The purpose of this study was to (1) objectively quantify the surface area of the humerus exposed using the DP and anterolateral acromial (ALA) approaches and to (2) compare the qualitative ability of a surgeon to visualize or palpate important anatomic landmarks in each exposure.
Methods
Five cadavers with 10 upper extremities were used for the study. These cadavers were obtained from a distributer (Research for Life) and stored according to the institutional policy at the Carolinas Medical Center Vivarium. This protocol was exempt from institutional review board review. Funding was obtained internally though a competitive review process. The demographic information of each specimen was collected ( Table 1) .
The cadavers were positioned supine, with the arms abducted and internally rotated in a fixed position. All procedures were performed by one of the authors under the direct supervision of a fellowship-trained shoulder and elbow or orthopaedic trauma surgeon to simulate approaches performed in teaching hospitals. The specimens were randomly assigned using a coin flip to have the DP approach performed first on either the right or left arm. The contralateral arm had the ALA approach performed first. The comparison approach was then performed in sequence.
The DP approach consisted of a 15-cm skin incision being made from the coracoid process toward the deltoid insertion. 3 The cephalic vein was identified and the DP interval developed. The subacromial bursa was resected to allow placement of a Hohmann retractor under the deltoid just lateral to the acromion. A second Hohmann was placed under the deltoid along the humeral shaft, and a third was placed medially just distal to the subscapularis tendon but proximal to the pectoralis major insertion.
The arm was abducted and internally rotated. A calibrated photograph was taken from the surgeon's best view ( Figure 1) .
The ALA approach consisted of a 15-cm skin incision made from the anterolateral corner of the acromion and extending longitudinally down the arm. 5 The raphe between the anterior and lateral deltoid heads was identified and split proximally for 4 cm below the acromion. The deltoid origin was released for 1 cm posterior from the acromion transversely. A 4-cm bridge of deltoid was left intact, and the split between the heads was continued to the distal extent of the incision. The axillary nerve was palpated on the underside of the deltoid muscle, and the muscle bridge was narrowed to leave only a 1-cm cuff of deltoid surrounding the nerve. Two Hohmann retractors were placed below the axillary nerve on the lateral and medial sides of the humerus and retracted until the cuff of muscle containing the nerve was tight but not stretched. Two rightangle retractors were placed superiorly above the nerve ( Figure 2 ).
After each approach, the ability to visualize and palpate important surgical landmarks was recorded. They were grouped based on the location into anterior, posterior, superior, or inferior. In clinical situations, fractures of the greater and lesser tuberosities tend to be retracted. The myotendinous junctions of the infraspinatus and supraspinatus muscles were used as a rough estimation of consistent level of proximal exposure needed to identify a retracted tuberosity because of limitations with a cadaver model. The posterior landmarks included the myotendinous Dr. Hamid or an immediate family member serves as a paid consultant to Biomet. Dr. Hsu or an immediate family member serves as a member of a speakers' bureau or has made paid presentations on behalf of Smith & Nephew; serves as a paid consultant to Acumed; and serves as a board member, owner, officer, or committee member of the Limb Lengthening Research Society. None of the following authors or any immediate family member has received anything of value from or has stock or stock options held in a commercial company or institution related directly or indirectly to the subject of this article: Dr. Harmer, Dr. Crickard, Dr. Phelps, Dr. McKnight, Dr. Sample, and Dr. Andrews. Surgical Approaches to the Proximal Humerus junction of the infraspinatus and the insertion of the infraspinatus onto the greater tuberosity. The superior landmarks included the myotendinous junction of supraspinatus and the insertion of supraspinatus onto greater tuberosity. The anterior landmarks include the myotendinous junction of subscapularis, the insertion of subscapularis onto lesser tuberosity, and the medial surgical neck of the humerus. The inferior landmark was the lateral insertion of the deltoid.
Each photograph was analyzed using ImageJ software (NIH). This software allows measurement of a calibrated digital photograph, calculates the two-dimensional surface area of bony exposure, and is useful in quantifying surgical exposure. [14] [15] [16] Data were tabulated, and the exposure obtained with the various approaches was compared. The continuous variables were compared using a paired Student t-test, whereas the binary variables were compared using the chi-squared test. Alpha was set at 0.05.
Results
The DP and ALA approaches exposed 22.9 (66.3) cm 2 and 16.3 (66.4) cm 2 , respectively (P = 0.03) (Figure 3) . The ALA approach exposed 5.7 (62.7) cm 2 of the humerus below the axillary nerve and 10.6 (64.9) cm 2 above the axillary nerve ( Figure 3) . The deltoid bundle containing the axillary nerve was 5.5 (60.7) cm below the tip of the greater tuberosity. The DP and ALA approaches provided equivalent visual and palpable access to all landmarks in the superior and inferior quadrants. The ALA allowed improved visual (80% versus 70%) and palpable (100% versus 70%) access to the myotendinous junction of the infraspinatus in the posterior quadrant compared with the DP approach. The DP did, however, provide consistent visual access to the insertion of the infraspinatus on the greater tuberosity (100%). The DP approach allowed improved access to anterior quadrant structures compared with the ALA approach including visual access to the myotendinous junction of the subscapularis (100% versus zero), the subscapularis insertion on the lesser tuberosity (100% versus 80%), and the medial anatomic neck (100% versus 20%). Palpable access to the myotendinous junction of the subscapularis (100% versus 70%) and medial anatomic neck (100% versus 60%) was also improved with the DP approach versus the ALA approach (Figures 4 and 5) . Body mass index of the cadavers varied between 18 and 31. Linear regression was performed to between body mass index and DP area, which showed no correlation.
Discussion and Summary
Our study confirms that more surface area of the proximal humerus is visible with the DP approach compared with the ALA approach. This finding is consistent with other authors' claims that the DP approach allows improved visualization and is potentially more utilitarian. 7 In addition, although extensile approaches have been described for Figure 1 Photograph showing deltopectoral approach retractor placement with ruler in place.
Figure 2
Photograph showing anterolateral acromial approach retractor placement with ruler in place.
both, 15 the method to extend the DP approach is more familiar to most surgeons.
At least two separate groups have described deltoid-splitting approaches in the past decade. Robinson and colleagues 8, 9 have described the "extended deltoid-splitting" approach, which uses a shoulder strap incision parallel to the skin tension lines to raise a full-thickness distally based flap to provide visualization of the deltoid. The deltoid is then split longitudinally between the anterior and middle portions. 8 The axillary nerve is protected in this description by palpating it on the undersurface of the deltoid and leaving a surrounding cuff of muscle intact. 8 This approach can be extended anteriorly, and the DP interval developed simultaneously, or it may be extended distally into a direct lateral approach to the humeral shaft. 9 Gardner and colleagues 5-7 have also described the ALA approach, which uses a longitudinal incision beginning at the anterolateral corner of the acromion. The same raphe between the anterior and middle portions of the deltoid is split with direct visualization and protection of the axillary nerve. [5] [6] [7] The DP approach exposed 1.4 times the surface area of the ALA approach and markedly improved access to the anterior quadrant landmarks. The ALA, however, provided improved access to the landmarks in the posterior quadrant. Given these findings, the DP approach should be adequate for addressing most proximal humerus fractures other than a markedly displaced and retracted greater tuberosity, which may be easier to address through an ALA approach. In light of this, improved access to the posterolateral shoulder is likely possible with release of up to 20% of the deltoid insertion, a technique that we did not evaluate in this study. [17] [18] [19] Our study has several limitations. We performed the dissections on intact specimens, which represent ideal surgical conditions in a bloodless field. Although modification of either approach and manipulation of the arm can allow additional structures to be seen and accessed, our study evaluated only a standard Graph showing the surface area exposed in the deltopectoral and anterolateral acromial approaches. incision length for all specimens regardless of the size. This fact did not limit our exposure of landmarks; however, we recognize that the total surface area would correlate with the incision length. In addition, as a cadaver study, no definitive conclusions regarding clinical efficacy or safety can be made. However, human cadaver dissections are well established as a reliable method for defining anatomic relationships and comparisons. [20] [21] [22] [23] Although this study used advanced digital imaging software, it relied on two-dimensional images to approximate the surface area of threedimensional structures. In addition, all photographs were taken from the surgeon's best view, with the arm in a standard position when, in an actual surgical setting, exposure is a dynamic process that can change based on retractor locations or adjustment in the surgeon's line of sight. These factors combined inherently led to the underestimation of the actual surface area, although this underestimation was consistent across all specimens and comparisons.
In conclusion, with standardized retractors and arm placement, the DP approach provides increased exposure to the proximal humerus and more reliable access to surgical landmarks other than the most posterior aspect of the shoulder. Each approach may provide advantages for specific reduction or fixation strategies that are not addressed by this study. 
